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Instructions:

This exam is composed of 10 multiple choice questions and 4 free-response problems. To receive
a perfect score (100) on this exam, 3 of the 4 free-response problems must be completed. The fourth free-
response problem may be answered for extra credit, giving a total possible score of 125/100 on the exam.
Each multiple choice question is worth 2.5 points, for a total of 25 points, and each free-response problem is
worth 25 points, for a total of 75 points. This means that your exam will be scored out of 100 total points,
which will be presented in the rubric below. Please do not write in the rubric below; it is for grading
purposes only.

Only scientific calculators are allowed – do not use any graphing or programmable calculators.

For multiple choice questions, no work must be shown to justify your answer and no partial credit will be
given for any work. However, for the free response questions, work must be shown to justify your
answers. The clearer the logic and presentation of your work, the easier it will be for the instructor to
follow your logic and assign partial credit accordingly.

The exam begins on the next page. The formula sheet is attached to the end of the exam.

Exam Grade:

Multiple Choice

Problem 1

Problem 2

Problem 3

Problem 4

Total

2



MULTIPLE CHOICE QUESTIONS

1. Above, A and B are switches: If a switch is closed, current can run through the wire, but if a switch is
open, current cannot. In which configuration will the total power emitted by all lightbulbs be greatest?

(a) Both A and B open

(b) A open but B closed

(c) Both A and B closed

(d) All configurations will emit the same total power

2. Consider a cylindrical resistor of radius r, a length L, and a resistance R. If you doubled the radius
and doubled the length, what would the new resistance be?

(a) R/8

(b) R/4

(c) R/2

(d) 2R

3. What is the unknown current i in the figure above?

(a) 0.5A

(b) 1.5A

(c) 2.5A

(d) 3.5A

4. An electron moves to the right in a magnetic field into the page. What direction is the magnetic force
on this electron?

(a) Up

(b) Into the page

(c) Down

(d) Out of the page
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5. A proton initially moves to the right in the presence of a uniform magnetic field out of the page. Which
option correctly describes the motion of the proton?

(a) To the right, at a constant speed

(b) To the right, at an increasing speed

(c) Clockwise in a circle, at a constant speed

(d) Counterclockwise in a circle, at a constant speed

6. A very long wire, as shown in the figure above, produces a magnetic field at the point indicated. If
i = 500A, what is the magnitude and direction of this magnetic field?

(a) 0.0025T into the page

(b) 0.0025T out of the page

(c) 0.0033T into the page

(d) 0.0033T out of the page

7. Two parallel wires carrying currents in opposite directions will produce a force on each other that is:

(a) Attractive

(b) Repulsive

(c) Neither attractive nor repulsive

(d) No force will be produced in this situation

8. A conductor moves out of the page in a horizontal magnetic field, as shown above. Which point on
the conductor is at the lowest potential?

(a) A

(b) B

(c) C

(d) All are at equal potential
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9. In the above figure, the wire carries a current that is decreasing. In what direction through the resistor
will the induced current move?

(a) Up

(b) Down

(c) Out of the page

(d) Into the page

10. A loop moves to the right, passing through a region of uniform magnetic field into the page, as shown
above. During which motions will there be an induced current in the loop?

(a) 1-to-2 and 2-to-3

(b) 1-to-2, 2-to-3, and 3-to-4

(c) 1-to-2 and 4-to-5

(d) 1-to-2, 2-to-3, and 4-to-5
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FREE-RESPONSE PROBLEMS

1. In the circuit above, R1 = 1⌦, R2 = 3⌦, R3 = 2⌦, R4 = 1⌦, R5 = 3⌦, R6 = 2⌦, and the battery is 5V.

(a) What is the equivalent resistance of this circuit?

(b) What is the current through R3?

(c) How much power is produced by R4?

(d) What is the voltage across R1?
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2. As shown above, a very long wire carrying a current i1 = 2000A out of the page is placed a distance
d = 7cm away from a a second very long wire, carrying a current i2 = 2500A out of the page.

(a) What is the magnitude of the force per unit length between each wire? Is it attractive or repulsive?

(b) What is the magnetic field produced at the center of these two wires? Give both magnitude and
direction.

(c) What would the force on a 1m wire, carrying a current i3 = 1000A into the page, be if it were placed
halfway between the two wires in the above figure? Give both magnitude and direction.

7





3. Ultimately, what we want to figure out in this problem is the magnetic field at the point P indicated in
the above figure, due to the current i. However, the shape of this wire – an elongated U – is not a shape we
have a ready formula for. We can imagine this as being made up of three di↵erent segments of wire: 1) an
infinitely long wire at the top, carrying the current to the right; 2) a half-loop of wire, carrying the current
clockwise; and 3) an infinitely long wire at the bottom, carrying the current to the left. For this problem,
the current is i = 200A and the radius of the loop is R = 17cm.

(a) What will the magnitude of the magnetic field produced by these infinitely long wires be? Hint: we

know the magnetic field due to an infinitely long wire with the point halfway down the length of the

wire. What would the magnetic field be if we placed this point at the end of an infinitely long wire?

Reference the figure below.

(b) What will the magnitude of the magnetic field produced by the half-loop be? Hint: we know the

magnetic field produced by a full, 360
o
loop. What would the magnetic field be if only half that loop,

180
o
, contributed?

(c) What is the direction of the magnetic field produced by each segment?

(d) Using the answers to parts (a), (b), and (c), find the vector sum of the magnetic field due to each of
the three segments of wire at point P .
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4. As shown above, a loop is placed in a magnetic field pointing out of the page. The loop has dimensions
10cm⇥15cm.

(a) When the magnetic field is B = 1.5T, what is the magnetic flux through the loop?

(b) If this magnetic field decreased at 0.2 T/s, what would the induced EMF on the loop be?

(c) If the resistor shown in the loop was 8⌦, what would the induced current in the loop be?

(d) In what direction through the resistor would the induced current flow?
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FORMULA SHEET

• Vectors:

~A · ~B = AB cos ✓ = AxBx +AyBy +AzBz

��� ~A⇥ ~B
��� = AB sin ✓

• Physics I Formulae:
X

~F = m~a

W = ~F ·�~x

Wtot = �K

Wcons = ��U

K =
1

2
mv2

Ki + Ui = Kf + Uf

• Electric Forces and Fields:

e = 1.6⇥ 10�19 C

k = 8.99⇥ 109
Nm2

C2

✏0 = 8.85⇥ 10�12 F

m

9
>>=

>>;
k =

1

4⇡✏0

Q = Ne

F = k
q1q2
r2

~F = q ~E

E = k
q

r2

�E = ~E · ~A

�tot =
qenc
✏0

� =
Q

L
or � =

Q

A
or ⇢ =

Q

V
(charge densities)

• Electric Potential Energy and Electric Potential:

U = k
q1q2
r

� = k
q

r

U = q� and �U = q��

Eav =
��

�x

V = ��
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• Capacitance and Dielectrics:

Q = CV

C = ✏0
A

d

E =
�

✏0

9
>>=

>>;
Parallel plate capacitors

• Direct Current Circuits

R = ⇢
L

A

VR = iR

P = V i = i2R =
V 2

R
X

loopV = 0 (Kirchho↵’s Loop Rule)

X
iin =

X
iout (Kirchho↵’s Junction Rule)

Req = R1 +R2 +R3 + ... (series)

1

Req
=

1

R1
+

1

R2
+

1

R3
+ ... (parallel)

• Magnetism

µ0 = 4⇡ ⇥ 10�7 Tm

A

~B =
µ0

4⇡

q~v ⇥ ~r

r3
(point charge)

B =
µ0i

2⇡r
(long wire)

B =
µ0i

2R
(center of a loop)

B = µ0
N

L
i = µ0ni (center of a solenoid)

~FB = q~v ⇥ ~B (point charge)

~FB = i~l ⇥ ~B (wire)

• Electromagnetic Induction

�B = ~B · ~A = BA cos ✓

E ind = ���B

�t
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